and locally grown products, for which knowledge of the production area and the underlying tradition are guarantees in themselves (Tenbült et al., 2005; Verhoog et al., 2003) .
These different trends may be connected to the way in which consumers behave when faced with technology. Such behaviour influences how successful a new product can be: the failure rate of new products is known to be very high, with previous studies reporting different failure rates according to the country concerned or to the definitions adopted of "failure" and "success". The FAO background paper on "Food product innovation" (Winger and Wall 2006) reported that 50% of new food and drink products on grocery shelves are removed within two years. During 2000 and 2001 around 50% to 67% of the new products were withdrawn within one year from the food retailing shelves in Germany, and similar figures, in most recent years (2010) (2011) (2012) , are reported with the reference to the US market (Mintel International Group Ltd 2013) .
The factors of success as regards food product innovation have been extensively studied (Kleijnen et al. 2009; Betoret et al. 2011) . Besides the role of food retailers and their "shelf position policy" (Winger and Wall 2006) , and some characteristics of the market (existing market vs new market, competitive environment, potential size of the market), Balachandra and Friar (1997) pointed out the higher/lower ability of the new product to meet consumers' needs, the understanding of consumer wants and preferences, as well as the effectiveness of market segmentation and analysis. While market segmentation practices usually take into account socio-demographic features, the success of innovative foods can also depend on consumer attitudes and psychological factors, especially the way consumers feel towards technology, their attitude towards risk, and the perceived relationship between nutrition and health (Frewer et al. 2011; Rollin et al. 2011) .
The latter aspects are the specific objects of our analysis. This paper aims, first of all, to ascertain whether it is possible to identify and characterise consumer groups using a technophobia/technophilia scale and, secondly, to correlate behaviour in relation to technology with consumption choices of products which have a different level of naturalness/manipulation. The degree of technophobia/technophilia was determined by referring to a psychometric scale (Food Technology Neophobia Scale, FTNS) set up by Cox and Evans 2008 , based on a series of statements which aim to detect the individual's attitude towards risk, technology and science. The use of this scale is substantially based on the hypothesis that there is a positive correlation between a phobic attitude towards food with a high technological content, on the one hand, and a more general aversion to novelties and little confidence in science, on the other (Cox and Evans 2008; Evans et al. 2010a; Evans et al. 2010b ). This paper used the set of statements proposed by Cox and Evans applying a principal component analysis to the statement scores obtained from a field survey and using a cluster analysis to identify groups of homogeneous individuals with regard to the individual's attitude towards risk, technology and science. The results of the analysis were then correlated with the consumption choices of some products, with a view to ascertaining the link between psychological aspects and consumption behaviour.
Methods

Neophobia and psychometric scales
In recent years the food sector has shown a highly innovative dynamic, and product innovation has become a strategic element for the competitiveness of food companies.
The launch of new products is not always associated with a performance in the markets that rewards the costs on R & D and in some cases highly innovative food in terms of the content of nutritional elements or of techniques used in processing is accepted with caution or is completely rejected by consumers. According to anthropologists, eating means "incorporating", carrying within one's own body (Fischler 1990) , and this may entail a certain caution or also aversion regarding the introduction of new, unknown elements within a diet.
Aversion to new foods has been the subject of several studies aiming to identify which psychological and social variables affect more or less phobic behaviour related to food consumption and/or set up techniques and analytical instruments that might help identify segments of the population with a different degree of neophobia/neophilia in relation to foods and hence with a different propensity to purchase and consume innovative goods.
In the context of studies on consumer behaviour, various techniques have been proposed to summarise the emotional factors connected to consumption attitudes and the convictions of individuals ). In particular, in the field of cognitive psychology, consumer science and marketing, so-called psychometric scales have been used due to their enhanced capacity to identify segments of the population which are more/less neophobic, with a view to identifying the "first adopters" of innovative products. Table 1 reports the main psychometric scales linked to the neophilia/neophobia dichotomy referring to the adoption of new technologies, confidence in science and acceptability of innovative foods. All the psychometric scales reported in the table use a set of statements on which interviewees have to express their level of agreement measured on a Likert scale a .
One of the first attempts to adopt a psychometric scale to food sector in order to identify and measure the most important factors in risk perception resulting from food hazard and food technology is the Perceived Food Risk Index (PFRI) which was drawn up using as starting point the pioneering studies of Slovic (Slovic et al. 1986 ). Trust in Science Scale (TISS) is a six item scale which focuses on public attitudes toward controversial scientific research and technologies (Bak 2001) . The Food Neophobia Scale (FNS) used by Pliner and Hobden (Pliner and Hobden 1992 ) is a psychometric scale very close to the FTNS which consists of 10 statements with a seven-point scale, from "strongly disagree" to "strongly agree", and which allows us to determine the level of food neophobia in relation to the greater/lesser willingness to try new foods. The FNS is a specific application to the food products of a previous scale (General Neophobia Scale -GNS) developed by the same authors. Also the GNS, which does not refer to specific product categories, consists of 10 items (Pliner and Hobden 1992) . Cox ed Evans measured correlations between FTNS, FNS, GNS, TISS and two different 'Willing to Try' scales, highlighting the strength of the FTNS scale in respect to predictive ability (Cox and Evans 2008) . The FTNS is a useful tool to assess the impact of uncertainty and risk perception in relation to new technologies upon the acceptability of particular food. The FTNS has mainly been applied with reference to specific food technologies or certain types of foods linked to the use of sophisticated, new technological processes (Cox and Evans 2008; Evans et al. 2010a ). However, further empirical testing of Cox's scale may be useful, first of all in relation to a set of foods rather than food technologies and, secondly, for a basket of common products which may be ordered on the basis of more/less technological content. This work concentrates specifically on these aspects.
Objectives and methods
This paper aims at analysing the relationship between the way consumers feels towards technology and consumption choices of products with a different level of naturalness/ manipulation.
We therefore performed an empirical analysis by means of a field survey based on administering a questionnaire. The survey was carried out in the region of Campania (southern Italy) and the interviews involved a sample of 355 individuals interviewed after shopping at supermarkets and hypermarkets. The composition of the sample was fairly balanced in terms of gender (48.7% men, 51.3% women) and over half the interviewees lived in the province of Naples. Other information on the socio-demographic characteristics of the interviewees may be noted in Table 2 , showing certain specific features of the sample which help to interpret the survey results. First, the sample has a high share of self-employed workers (42.5%) and graduates (42.8%). Secondly, almost 60% of the interviewees are under 45 years old and in over two-thirds of cases the number of household members is equal to three or more. As regards monthly income, around one-third of the sample fell into each of the €1,000-2,000 and €2,000-3,000 classes.
The survey detected the opinions of consumers regarding categories of food products with a different technological content and related such opinions to their attitude to technology. In the first part of the questionnaire the interviewees were asked to express their level of agreement with a series of general statements on the role, importance and any effects of technology in the food sector. These statements were based on the set of 13 psychometric questions validated by Cox and Evans (2008) . In the second part of the questionnaire, the survey focused on six product categories (functional products, organic, typical, short-chain, ready frozen food and diet products) to investigate specifically the confidence that the interviewee has in each type of food, the characteristics that can best describe it, and propensity and frequency of purchase.
The analysis on collected data was carried out in three steps. First, an exploratory analysis was performed to understand how consumers feel about the proposed food categories, that is whether they are confident in them and how much they associate each product to a set of attributes (naturalness, safety, nutrition content, sense of gratification, taste, respect of the environment). To ascertain whether or not confidence in a product is associated to the opinion on the presence of a certain attribute a chi-square test was then carried out. A chi-square test was also used to verify the relationship between trust in a product category and the purchasing behaviour.
A second step of the analysis aimed to classify the interviewees according to their attitude towards technology and risk, measured by means of the 13 psychometric questions proposed by Cox and Evans. In this analysis, using principal component analysis (PCA) the 13 psychometric questions were grouped so as to specify complex indicators that might identify the way individuals relate to certain issues. On the basis of these complex indicators, the interviewees were classified into groups which are characterised by a different attitude to technology.
In the third and last step, groups of consumers, identified in step two, were related to the purchasing behaviour to verify by means of a chi square test whether the different attitude towards technology and risk actually influences the purchasing frequency of food with a higher/lower manipulation level.
Results
Analysis of the responses shows clearly differentiated opinions between organic, shortchain and typical products, on the one hand, and the food categories undergoing greater handling/processing, on the other. Whereas the first three categories of products were trusted by over 80% of the interviewees, over 50% responded that they had no confidence in foods with greater technological content, with a percentage that reached 61% in the case of ready frozen foods (Figure 1 ).
The dichotomy observed in terms of confidence also emerges in the analysis of attributes associated to the various product categories when the issue is naturalness ( Figure 2 ). Naturalness is the element which, according to the interviewees, clearly distinguishes organic, short-chain and typical products from the three other categories. Indeed, it is on the naturalness attribute that, as will be seen below, confidence in the former is based. The opinion on naturalness, which in this dichotomy appears to take on an ideological connotation, is reflected, at least for organic and short-chain products, in the responses concerning environmental respect. What is less clear, however, is the opinion on the other attributes in question, and it should be stressed that safety is associated to functional foods by a percentage of interviewees which does not differ greatly from that measured for organic products. Moreover, Figure 2 shows that consumers characterize each of the product categories with only few distinctive attributes: as an example, while organic products are mostly natural and safe, frozen ready dishes are mainly perceived as gratifying and tasty, and functional food are safe and nutritious. To determine on which attributes the consumer bases the greatest/lowest trust in a product category, for each attribute we crossed the responses obtained as regards confidence with those concerning the most significant characteristics. The relations between the variables analysed were subjected to the chi-square test in order to ascertain whether or not confidence in a product is associated to the opinion on the presence of Table 3 where values are reported only in case of significant relationships. What emerges is that:
-for organic products there is a significant relation between consumer confidence and their naturalness and safety. On analysing the specific data of the contingency tables, naturalness is shown to be a characterising element of organic products for 75% of those who trust such foods, against 26% who responded that they did not trust them; -for functional foods the chi-square test shows a link between the presence or otherwise of confidence on the part of the interviewees and all the attributes investigated, except for the aspects that concern gratification and respect for the environment. The type of link may be made clearer by the percentages in question: 58% and 45% of those who trust functional foods believe that these products are, respectively, safe and nutritious; -73% of the interviewees who have confidence in typical products consider naturalness their distinctive element; only 22% of those who state they have no confidence in such products underline their naturalness as an attribute characterising this class of goods; -a link between confidence and respect for the environment is statistically significant for short-chain and typical products, but this attribute seems to play a small role: only 34.4% of interviewees who trust in short-chain products state that they help the environment and the percentage is even smaller (11.9%) in the case of typical products; -confidence and judgement on product safety are statistically related for all classes of food, but this attribute seems to be very important in case of organic, diet and functional products. Anyway, it should be underlined that for the last two products the share of confident respondents is very low and safety assumes, then, a very slight role (see Figure 2 ).
Purchase frequency is statistically related to trust in the product (Table 4 ). This holds especially for functional foods as 42% of those who do not buy this type of product state that the lack of trust is the main motivation.
The attitude towards risk and technology can be inferred from the descriptive statistics in the Cox and Evans' scale (Table 5) . Mean answers to the psychometric questions are very close to one another and always attain a score higher than 4, except for the perception of the effects on health in the long term and confidence in the media (3.69 and 3 respectively). The feeling of uncertainty seems to prevail in influencing the approach towards food technology. About 70% of the interviewees agree, to a greater or lesser extent, that new food technologies are something they are unsure of. This can be related to the fact that the benefits of new food technologies are often over-rated for 68.7% of the sample, that it may be risky to shift too hastily towards new food technology (58% of the sample), while only 36.6% of interviewees agree that new food technologies will not have negative effects on health in the long term.
Answers to psychometric statements are summarised by principal component analysis. The factor loading matrix (Table 6 ) reports the correlation coefficients between the 13 statements surveyed and the four components extracted in the PCA and allows the significance of the components to be ascertained. The first three express three different dimensions on which to construct perception of technology on the part of the consumer: riskiness, utility and the human possibility of controlling processes. The first component explains 25.7% of the total variance and is correlated positively with the statements "It may be risky to shift too hastily towards new food technology" and "New food technologies in the long term may have negative effects on the environment". The component identifies the link between technology and risk perception (Siegrist 2008) : introduction of new technologies in the food sector is interpreted as a factor aggravating existing risks, and the component which gradually shifts from negative to positive values captures the degree of risk aversion. This significance is also underlined by another question which has a high correlation index (even if it comes more into play in the second component) and which associates an idea of uncertainty to the new technologies. An important contribution to the first component is made by two other questions. The first expresses the opinion that society should not depend on new technologies to solve food issues. This statement may also be connected to risk perception: food safety is a strategic objective for society and should not depend on technologies that are considered unreliable. The other statement "There are many tasty, nutritious foods around, so we do not need to use new food technologies to produce others" shows an aversion to technology in general and adds an ideological connotation to the first component. The high levels of uncertainty and scarce perception of tangible benefits may generate in consumers the idea that new food technologies are superfluous. This is condensed in the second factor (12.2% of total variance) which captures the opinion of the interviewees as regards the usefulness of adopting new food technologies, and in general captures the level of uncertainty connected to them (perception of futility of technologies). When it takes on positive values, the second component identifies consumers who do not recognise a real benefit in the introduction of new technologies in food production. This approach is further reinforced by the feeling of uncertainty which goes with it ("New food technologies are something I'm unsure about") (Hansen et al. 2003; Frewer and Salter 2003) . By contrast, negative values of the component are linked to the recognition by the interviewees that new technologies actually bring about a benefit in terms of health, food taste and quality. The positive contribution that new technologies may make is better summarised in the third component (perception of benefits, explaining 9.5% of variance), correlated to the perception of benefits that new technologies have in terms of control over food choices, their capacity to ensure a balanced diet and the fact that they lead to positive effects on health (Weber et al. 2002) .
The fourth and last component (8.5% of total variance) deviates from the others and puts the stress primarily on the role that the media may play in giving balanced and not biased information (trust in the role of information). This role appears particularly important as the component is also linked with the opinion on the effects which the new technologies may have on health. As one shifts from negative to positive values of the component, the trust in the media thus rises, as does the idea that in the long term new food technologies will have negative effects on health. This link, on one side, is coherent with the role media have played in many Italian food scandals, on the other side suggests how media are able to build a confidence feeling more on "bad news" than on information by itself.
In the second phase of the analysis the components extracted, starting from the psychometric questions, were used to classify the interviewees on the basis of their overall attitude to food technologies. Based on a hierarchical classification technique and choosing the number of groups where there is the maximum gap b , we identified seven groups whose characteristics may be traced by looking at the centroid, in other words the average value which the components assume for each of them (Table 7) , and, for a greater detail, at the mean scores attributed to the psychometric questions (Table 8) .
Tables 9 and 10 report schematically the statements and characterising elements of the various groups. The first distinction among the interviewees in the groups may be made in relation to the degree of risk perception (component 1). In respect of this element, we may separate groups 3 and 6, which are both distinguished by negative values for this component, from the other groups for which the degree of risk perception is gradually increasing. Thus, except for groups 3 and 6, the sense of uncertainty and concern over the effects that new technologies could have in the future evidently prevails, to a greater or lesser extent, in all the interviewees.
Only for Group 3 (13% of the interviewed sample) can one speak of an actual technophile attitude c as a low perception of risk goes together with the recognition of the objective benefits in terms of food quality and contribution to diet. In Group 6 (17% of the sample), although there is no underlying concern or ideological preclusion in respect of food technologies, there emerges substantial scepticism on the utility of product innovations. By contrast, a convinced technophobe attitude is found in Group 2 (16% of interviewees) in which a high perception of risk and concern with the long-term effects on health and the environment accompany the idea of the futility of technology and the absence of benefits for diet and food choices. In the other groups these elements are combined with different intensities and make cautious attitudes emerge, yet which are more or less open to new technologies due to their ascribed benefits or the quality of the food or health aspects linked to them. A particular aspect that should be stressed concerns the degree of trust attributed to the media in ensuring the new food technologies are covered correctly and impartially (component 4). Many of the interviewees expressed themselves negatively as regards the media, except for Groups 1 and 6 who believe that in the field of food technologies the media play a major role in information terms. Importantly, information could be an important lever to act on the attitude of caution or scepticism as regards new products which characterises these two groups, that accounts overall for one fifth of the sample.
Confirmation of the results of the group analysis was sought by linking the extreme groups d (the convinced technophobes and the convinced technophiles) to purchase of products with a higher level of manipulation, that is, functional, light and ready to eat and frozen products. Indeed, extreme groups are those where the mean values of all the principal components (the centroids) have opposite signs, and thus attitude to food technology should be better defined. For the extreme groups Table 11 reports the percentage of people purchasing, or otherwise, the three food categories. In all cases the convinced technophobes show a higher, and statistically different, percentage of nonbuying interviewees with respect to the convinced technophile group. This particularly holds for diet products where 94% of the group states that they buy them, while the percentage reaches only 58% within the convinced technophobes. New food technologies ensure that we all have greater control over food choices 6.4 2.9 4.5 4.2 2.7 4.2 5.6
The products obtained with new food technologies may help people to follow a balanced diet 6.5 3.4 4.5 3.8 3.4 4.6 5.4
New food technologies will not have negative effects on health in the long term 4.3 2.2 4.4 4.6 1.9 3.0 4.9
The media usually give correct impartial news on new food technologies 4.7 3.1 2.2 1.9 2.4 5.0 3.2 Table 9 Characterising statements by group
Group Characterising aspects Definition
Group 1 They perceive in great measure the risk and uncertainty associated to new technologies. Yet, at the same time, they think that products obtained with new technologies may have beneficial effects on diet and allow control of food choices. They do not believe that in the long term product innovations can have negative effects on health. They trust the role that the media perform in supplying sound information. Almost 64% of the group have children under 12 years old.
Cautious
Group 2 There is a strong perception of risk and uncertainty associated to new technologies, but what prevails is the idea of their uselessness because they do not provide more tasty or healthy products, nor do they allow the diet to be controlled. They believe that in the long run new food technologies may have negative effects on health and the environment.
Convinced technophobes
Group 3 They do not consider food technology risky and do not associate uncertainty to it. They consider product innovations useful because they lead to tasty, betterquality food and allow greater control over diet. They do not think that, in the long term, technology can be detrimental to health. They have no confidence in the informational role of the media. Over 60% of Group 3 have a university degree.
Convinced technophiles
Group 4 They represent the mid-point of the sample and summarise commonly-shared opinions on new food technology. Worried about the effects on health and the environment, they believe that traditional foods are better and more healthy, and that the benefits of the new technology are overrated. They are distinguished by their total lack of confidence in the ability of the media to supply correct, impartial information on new food technologies. Only 28% of the group have a university degree.
Traditionalists
Group 5 They have a high perception of the risk associated with food technologies and are concerned at the negative effects they might have on the environment and health. They have no confidence in the ability of new foods to contribute to a more balanced diet, but admit that new products may be more tasty and healthy. They have no confidence in the ability of the media to provide reliable information on such technologies.
Tendency to be technophobic Group 6 They are not ideologically opposed to new food technologies: they do not consider it risky to adopt new technologies too hastily and are not concerned by dependence upon them to solve food problems. However, they do not think that innovations in the food sector are useful. They believe their benefits are overestimated and think it is possible to find products that are already quite good. In general, there are uncertain regarding new technologies and fear negative long-term effects on health. Males make up 68% of the group.
Sceptics
Group 7 This group perceives the benefits that technological foods may confer in terms of controlling food choices and achieving a balanced diet. Nevertheless they consider new food technologies risky and essentially futile as they think that they diminish the natural quality of food and that there are already good, healthier products on the market. Females make up 63.8% of this group.
Tendency to be technophile 
Discussion and conclusions
The relationship between attitudes, intentions and behaviour is extensively covered in the literature and has been one of the chief aspects tackled by consumer studies in the economic and social field for the past 25 years. The addition of attitudinal and psychographic factors to the socio-demographic variables traditionally used by economic theory has led to the progressive development of psychometric scales to capture conceptual dimensions which are able to interpret value systems, lifestyles and attitudes, and translate them into measurable variables. The use of psychometrics in the social sciences, economics and marketing has at times focused on the dichotomy between technophobe and technophile attitudes in the food sector. The prevalence of one or the other may greatly affect the choices and performance of the food industry interested in R&D investment to introduce highly innovative products onto the market. Identification and quantification of the market segments most attracted by innovative products, combined with analysis of the sociodemographic, behavioural and psychographic characteristics in such groups, may steer company choices both in terms of investment and communication strategies.
Our study falls within the above research strand. The aim was to segment a sample of consumers in the southern Italian region of Campania on the basis of their degree of technophobia in the food sector. Our analysis was conducted using the psychometric scale proposed by Cox and Evans, the Food Technology Neophobia Scale (FTNS), applied to six categories of food products which had undergone various degrees of industrial handling and processing. The variables generated by the FTNS were subjected to principal component analysis (PCA) which extracted four factors subsequently used for sample segmentation via an analysis of non-hierarchical groups.
The results show the separation of seven groups distinguished by different attitudes to food technology, determined by their perception of risk, perception of uncertainty and by personal judgements concerning the utility, benefits and potential harm of using such technology. There emerged a group which we called convinced technophiles consisting of 48 individuals, about 13.5% of the sample. The group represents so-called early adopters who are the first ones taking part in the market for food products with a high innovation content e . Starting from this group, other consumers, or followers, may take up the demand, allowing the firm to penetrate the market and achieve their objectives in terms of sales and market share (Mahajan et al. 2000) . The availability of new techniques to refine market segmentation may lead to more effective marketing policies being chosen by the company, allowing both a clearer view of the different life cycle stages of the product itself and offering the possibility to affect it especially in regard to the crucial phases of introduction and product growth, during which food companies seek to recover the costs of R&D (product concept and design) and those carried out to start production. From this point of view the group of the early adopters seems to play a strategic role: knowing not only their socio-demographic characteristics, but also psychographic profiles represents a crucial factor for the firm both to estimate potential demand and to target choices in terms of distribution channel and communication.
Endnotes a
The Likert Scale is a psychometric ordered scale commonly used in surveys and questionnaires to measure opinions and attitudes. In a Likert scale the respondent is presented with a set of attitude statements on a scale ranging from strongly agree to strongly disagree and he/she chooses one option that best aligns with his/her view.
b Number of the groups is chosen looking at the distance index in the clustering process. c Actually, the use of self-anchoring scales allows to get information on the absence/ presence of technophobia. However, in different studies, the absence of neophobia is interpreted as the presence of neophilia. Look in this regard the work of Choe and Cho (2011) that using the scores of the FNS divides the participants in the survey in neophilics and neophobics. The same approach is also used in Tuorila et al. (2001) . d Cluster analysis classifies individuals on the basis of similarities of some characteristics seeking to minimize within-group variance and maximize between-group variance. A certain level of variance within groups is "physiological", especially due to factors that are less relevant in characterizing the group. That is why we chose to show the results for the extreme groups where the distribution of components 1, 2 and 4 is clearly defined around negative (group 3) or positive (group 2) values and the opposite is true for component 3. That allows to better relate purchase behavior to the attitude toward risk, uncertainty, confidence in media and to draw up conclusions that can be true for the group as a whole. e Many authors argue that individuals characterized by lower aversion toward food technology can represent a segment of early adopters. Cox and Evans (2008) explicitly link the degree of neophobia with the possibility to identify segments of the early adopters and more recently other authors have used tecnophilia-tecnophobia as a predictor of early adoption (Popa and Popa 2012).
